Introduction
for a chevron cell. The external electric ® eld, E 0 cos v t, is applied along the X -axis. Dielectric spectroscopy is a powerful technique for investigating the relaxation mechanism and thereby The spatial and temporal torque balances are described by the dynamic equation the modes of operation of ferroelectric liquid crystal (FLC) (1) a¯uctuation in the tilt angle (h)Ð soft mode; the second is a¯uctuation in the azimuthal angle (Q)Ð Goldstone Equation (1) is solved for Q subject to the boundary mode. The dielectric properties of FLC cells are found conditions detailed in [4] . The complex permittivity is to be dependent on the cell thickness [4] . In su ciently found in terms of the surface anchoring parameters, the thick FLC cells the dielectric properties are governed elastic constant and the cell thickness. The equations by the helical structure; the dielectric strength and the for the director pro® les, in terms of the variation of the relaxation time of the Goldstone mode depend on the azimuthal angle, as a function of X for both the bookhelical pitch [5] . A theory for the dielectric response of shelf and chevron cell geometries of the cell have been a helical cell in the SmC* and the SmA phase has been determined. The relaxation mode resulting from these developed by Carlsson et al. [5] and Z Ï eks Ï et al. [6] . In calculations is called the X -mode or the thickness mode, a surface stabilized ferroelectric liquid crystal (SSFLC) to distinguish it from the helical dynamic process. The cell the helix is unwound by the surface interactions, and dielectric measurements in certain cases have shown the the dielectric parameters of the Goldstone mode depend existence of two relaxation processes in a SSFLC cell. on the cell thickness. We recently developed a theoretical Under certain conditions the`thickness' mode was shown model [4] to explain the thickness dependence of the not to follow the Debye behaviour. dielectric behaviour for SSFLC cells. This model is based
In this paper, we wish to investigate the dependence of on the dynamic distribution of the azimuthal angle Q of the relaxation mode/modes on the sample thickness. We the director with respect to the X -axis, shown in ® gure 1, analyse the analytical solution of the dynamic equation for the thickness mode in two relaxation processes, Debye and Cole± Davidson [7] , and examine their relative with a$ 1. Equation (4) is the sum of relaxation processes given by the Debye term and for a= 1, the Cole± strengths. The nature of these processes is investigated for cells, possessing the chevron structure, as these Davidson term. Results of numerical ® tting are shown in ® gures 2 and 3. Figure 2 shows the normalized possess higher thermodynamic stability compared with their bookshelf counterparts.
dielectric strength whereas ® gure 3 shows the relaxation times for the two processes obtained using this ® tting
Theory
The normalized complex dielectric permittivity of a chevron SSFLC cell, based on the model outlined in the introduction and detailed in our previous paper [4] , is found to be:
where Figure 2 . Plot of normalized dielectric strengths as a function
of the cell, K is the elastic constant, c is the rotational viscosity, w is the surface anchoring energy and tc is a relaxation time for X mode/modes for a chevron cell. In the derivation of equation (2), the electronic and atomic polarizations were neglected and the complex dielectric permittivity was also normalized, with es = 1, e 2 = 0. Since equation (2) shows a complicated dependence of complex permittivity on frequency, we therefore analyse equation (2) by ® rst ® tting the dielectric data generated by this equation to known relaxation functions for di erent values of L using a WinFit (Novocontrol ) program. The best results of ® tting are obtained if the data generated by equation (2) are ® tted to the following function [10] : procedure. It should be noted that the parameter b found from the data ® tting depends on L . Figure 2 shows that when the parameter L is large enough (i.e., much greater than 0.01), there exists predominantly only a single relaxation process in the thickness mode of a SSFLC cell, since D e2 tends to zero as L & 0.01. This single relaxation process appears to follow the Debye equation. However for small values of L , two relaxation processes are found in the thickness mode of the SSFLC cells. Hence the existence of the second process depends on the parameter L , and indirectly on the thickness of the cell, since the latter is the only variable parameter in the simulation.
To analyse the spectrum of the complex dielectric we introduce the parameters g and j de® ned as in [8] :
where
e(v ), t0 = a time constant which is of the order of the relaxation time of the system under investigations. j = t0 / t, g= t/ t0 when the spectrum e(v ) consists of only a single Debye process:
It was shown by Barriol et al. [8] that if the spectrum e(v ) is a sum of two Debye processes, namely: 
From the plot in ® gure 4 and for L = 0.001 and L= 0.1, then the plot of variable g versus j is a straight line with we note that the plots are curves other than straight v as the running variable:
lines and these curves are also far removed from a single point. On applying the physical concepts of Selfran [9] ,
we ® nd that the thickness mode consists of two processes which cannot be approximated by a sum of two single Debye processes. As mentioned above, the system In all other cases, Salefran [9] found that the plot of g versus j is no longer a straight line, but is a curve with may consist of more than two Debye-type processes or two relaxations times with a distribution around frequency as a variable. For a single Debye relaxation, we get a single point on the g versus j plot; a curve may one or both of these processes. However, by analysing curves in ® gures 4 and 5 in the low frequency region, lead to the system having either more than two processes or one or both of these processes may have a distribution we note that the main relaxation process is Debye-type and the second process in this frequency range can of relaxation times.
For the analysis of a chevron cell, we use the aforesaid also be approximated by the Debye equation in the low frequency range. For j < 200, g versus j is a straight transformation equations (5) and (6) . Figure 4 shows the dependence of g on j and ® gure 5 shows dielectric line whereas for higher values of j the slope changes. Also, in the high frequency region the slope of the curve loss e² (v) versus v tc /(2p) on a log-log plot. Plots in ® gures 4 and 5 were calculated using equation (2) with in ® gure 5 is less than predicted for a single Debye process. the parameter L equal to (i) 0.001 and (ii) 0.1.
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This type of behaviour at higher frequencies can processes: best be described by a Cole± Davidson [7] type process written in the form:
.
where 0< b < 1. In the low frequency region, Cole± (14) Davidson behaviour approximates to a Debye process with a slope equal to unity, whereas for high frequencies, From equations (13) and (14), the relaxation time t1 of the slope is less than unity and is equal to b. Based on the main Debye process and the value of bt2 for the this analysis we can infer that the dielectric response of a second high frequency process in the thickness mode of SSFLC cell is the sum of the Debye and Cole± Davidson a chevron cell are found to be as follows: processes:
(16) where
Using values of t1 and bt2 from equations (15) and Another conclusion that can be obtained from ® gure 2 (16), the dielectric strengths of both processes can be is that for L = 0.1, the second process has very low evaluated using (12) and the results become: dielectric strength relative to the ® rst, and the relaxation time in comparison to the main Debye process is di erent
. (17) from that for L = 0.001. Since the second process has relatively low dielectric strength for L = 0.1, it may not where Q = (1+10L )/12( 1+ L ). in any case be easy to ® nd this process. This leads to the conclusion that the presence of the second process
Results and discussion
in the thickness mode of a SSFLC cell depends on the The FLC mixture used was FELIX 18/100 purchased parameter L (or the cell thickness).
from Hoechst, Germany. This FLC mixture is selected The objective of this paper is to estimate the dielectric because of its relatively large helical pitch of about parameters for both processes based on the model 25 mm, such that the fabrication of surface stabilized and then to ® nd these processes experimentally. The FLC cells with su ciently large thicknesses is possible. estimation of the dielectric strength and the relaxation The measurements are made on homogeneously aligned time of both processes is based on the transformations cells with 6, 15 and 30 mm spacings at room tempergiven by equations (5) and (6) . The parameter b can be ature. Dielectric spectra were ® tted by using WINFIT found from the analysis of the slope of the dielectric (Novocontrol) program up to n = 3 processes as peak in the high frequency region of ® gure 5 for an described by the Havriliak and Negami equation [10]: appropriate value of L . For v t2 % 1, we can expand equation (11) and on taking the ® rst two terms in the
(18) series expansion, the dielectric response of a SSFLC becomes:
where G is the d.c. conductivity, S is a ® tting parameter usually close to zero and C 0 is a geometrical capacitance. Figures 6, 7 and 8 show measured dielectric loss spectra
and their ® t to the spectra for the chevron cells under investigation. From these ® gures we ® nd that for cells The parameters D e1 , D e2 , t1 , bt2 of equation (11) are with thicknesses of 30 and 15 mm, the thickness mode estimated using equations (5), (6) and (9), as shown (or X -mode) consists of two processes: the main low below. By substituting e(v ) from equation (2) into frequency process is Debye type and the second high equations (5) and (6) and comparing the Taylor series frequency process is of Cole± Davidson type, as predicted expansions for g and j in the low frequency range, by the theory. But for the cell with a thickness of 6 mm, we obtain the dependence g= A Õ B j. Then by using only one (Debye type) process appears in the spectra. We showed in our earlier paper [4] that the dielectric (9) we get the relations for the parameters of both Downloaded by [Universite Laval] at 06:37 28 December 2014 components of the X -mode. These are being con® rmed by the experimental results. Decreasing the cell thickness d , and consequently increasing L , the high frequency process is suppressed. It has indeed been found that for a 6 mm cell, the high frequency process is absent. For a 30 mm cell, we ® nd e1 / e2 = 5 and t1 / t2 = 6 and for a 15 mm cell e1 / e2 = 28 and t1 / t2 = 8. These results are in qualitative agreement with theory. Figures 5, 6 and 7 show the presence of a relatively very low frequency peak centred at~30 Hz. This presumably is due to a domain process which is commonly observed [11, 12] at very low frequencies in FLC cells.
Next, the problem of assignment of the relaxation processes is considered. Equation (2) is based on the angle of the director, called the director pro® le, as a function of X . Figure 9 shows such a plot of the static variations of the director pro® le. The dynamic pro® les correspond to the¯uctuations of the static pro® le with time. For thicker cells, the pro® le can¯uctuate both at the surfaces as well as in the bulk simply for the reason that the azimuthal angle is found to be greatly dependent on X in comparison with that for a thin cell. However for thinner cells, the director pro® le seemingly can onlȳ uctuate within the bulk since in this case the azimuthal angle does not appear to depend much on X . Here the surface anchoring signi® cantly in¯uences the¯uctuations within the bulk too; such a signi® cant control of the surface anchoring is lost as the cell thickness is gradually increased. Hence process 1 given by the relaxation time t1 , common to both thick and thin cells, belongs to the A change in the cell thickness in¯uences both constituent Downloaded by [Universite Laval] at 06:37 28 December 2014 uctuations within the bulk, whereas t2 seen only, in experiments indirectly support our calculations for the director pro® les in FLC cells, given in ® gure 9, which the thicker cells, belongs to¯uctuations at the surfaces. From another point of view, director¯uctuations at the are also supported by measurements of Fuzi and Sambles [13] using guided modes technique. surfaces and the bulk are unresolvable in a thin cell, unlike the situation in a relatively thick cell.
